A. Fluid-isotropic solid Interface
At a fluid-isotropic solid interface, two different types of surface waves may exist. The true surface wave is a Stoneley wave, with a velocity lower than all of the bulk wave velocities in the neighboring media. The second is a Rayleigh-type wave with a velocity higher than that of at least one of the bulk media. In a homogeneous medium this bulk medium is usually the fluid. This second case (commonly referred to as "leaky" or "pseudo") will be attenuated by leaking into the medium of the lower velocity. The Stoneley mode will not be attenuated in this manner. where 0 i is the angle of incidence measured from normal, 0a is the angle of the diffracted mth order, A is the wavelength, and A is the periodicity of the surface. This equation also applies to a broadband system, assuming linear behavior such that superposition of each frequency amplitude component is valid. The various frequency components will diffract to the angular positions given by Eq. ( 1 ). The pulse-echo frequency spectrum of a broadband pulse, reflected from a periodic surface, will reveal distinct minima. These minima represent destructive interference between the specular and mode converted zero-order diffractions. This is the result of resonance due to the mode coupling of the incident wave into surface motions at certain frequencies. Jungman et al. 7 have shown that these backscattered spectra at normal incidence may be used to measure the velocities of various surface modes in most cases (with an accuracy of 5%-10%). These velocities are easily calculated by rewriting Eq. (1) for normal incidence (0i----0 ø) and a diffracted first-order surface wave (Oa = 90*):
B. Surface waves: Excitation and velocity
where F is the frequency associated with a particular minimum and Vs is the velocity of the surface wave. The details of the periodic surface technique have been described in detail by Jungman et al. 8 and will not be repeated here. It should be emphasized that particular gating of the time domain signal and the periodic groove geometry (height to width ratio) must be optimized so that there is sufficient amplitude for detection of the frequency minima. The optimum gate width depends on the particular interference of the specular signal with the reradiated mode-converted signals. In the case of strong coupling, the longer the gating, the deeper the minima will be; but for weak coupling, the optimum gate width must be found for each time signal. An example of the periodic surface technique is shown in Fig. l(a) and (b) for a water-brass interface (A = 250 /•m, h = 66pm). The time domain signal [ Fig. l(a) ] has been gated, sampled, digitalized, and processed (using a fast Fourier transform), to obtain the spectrum [ Fig. 1 (b) ] . The spectrum was then deconvolved by a reference spectrum (from a smooth brass surface). Using Eq. (2), the two minima at about 6 and 8 MHz correspond to the true Stoneley (sometimes referred to as SohoItc) and the psuedo (leaky) Rayleigh velocities. This phenomena, using the same brass sample, is shown on the Schlieren photographs (Fig. 2) taken at several dis- periodicities of 254, 380, 508, and 635/zm were machined into each sample (see Fig. 3 ).
B. Results and discussion
The deconvolved spectrum of the backscattered signal from a water-porous solid periodic interface (grade 15 sample, periodicity = 635/zm) is shown in Fig. 4(a) . The technique is indentical to the water-brass experiment described above, except the reference spectrum in this case is from a smooth glass surface. In general, we found two and, in certain cases, three Best results were consistently obtained with the larger periodicity and smaller glass sphere (grade 15). This is apparently due to the geometrical considerations discussed above, and also to scattering duc to the rougher surfaces of the higher grade samples.
II. CONCLUSIONS
These measurements provide experimental verification of three separate surface modes for fluid-porous solid interfaces. The results are consistent with numerical predictiens. 3 The accuracy of the velocity measurements will depend on the accuracy with which the periodic grooves can be machined into the samples, proper gating, and minimizing the error involved in determining exact minimum frequencies from the backscattered spectrum.
